A new method was developed for total arsenic determination in seafood products such as oysters, mussels, tuna fish, and algae. Matrix decomposition and oxidation to arsenate of all the arsenic compounds in the product were completed in 25 min by using a 3-step program of focused microwaves (40-120 W) with nitric and sulfuric acids. Quantitation was performed by hydride generation-atomic fluorescence detection (HG-AFS). Results of method optimization are presented and discussed. A detection limit <125 mg/kg arsenic was obtained; the quantitation limit was close to 400 mg/kg, with repeatability and reproducibility <5% relative standard deviation 
M arine organisms, especially bivalves and algae, easily accumulate arsenic in their structure, which is metabolized as organic compounds. Typical values for total arsenic in such organisms are a few mg/kg (1) . Arsenic occurs in these organisms in several chemical forms. Arsenobetaine (AsB) is the major compound in bivalves (2, 3) , whereas arsenosugars and AsB have been found in algae (4, 5) . For this reason, consistent analytical methods have been established for arsenic speciation (6) (7) (8) (9) . These methods have a promising future, but they are not yet implemented in routine laboratories, where only information on total arsenic is required for control purposes.
Several methods have been developed to measure total arsenic in marine tissues. For example, X-ray fluorescence is used to measure arsenic directly in the solid sample (10) . This technique avoids sample pretreatment, but it is difficult to obtain a homogeneous, representative test sample. Electrothermal atomization atomic absorption spectrometry (ETAAS) is also proposed (11) , allowing the direct introduction of the solid sample into the tube.
Most of the reported methods include sample digestion before measurement. Some are based on dry ashing with MgO/Mg(NO 3 ) 2 or Mg(NO 3 ) 2 in solid phase (12, 13) . However, these methods are tedious and time consuming. Acidic digestion using HNO 3 (14, 15) or HNO 3 /H 2 O 2 (16) has been described for the decomposition of these matrixes. Total arsenic can then be measured by inductively coupled plasma optical emission spectrometry (ICP/OES), inductively coupled plasma mass spectrometry (ICP/MS) or ETAAS.
Atomic spectroscopic techniques using hydride generation, such as hydride generation-atomic absorption spectrometry (HG-AAS), hydride generation-atomic fluorescence spectrometry (HG-AFS), or HG-ICP/OES, are widely used to detect arsenic in marine tissues because of their high sensitivity and robustness. However, the acidic attacks do not decompose certain organic arsenic compounds, and, therefore, the generation of volatile hydrides is not feasible (17) . AsB, which is found in bivalves and fish, is the most resistant compound against oxidizing reagents (2, 3) . Recoveries of <20% of the total arsenic present in marine samples when HG-AAS is applied after an attack with HNO 3 have recently been reported. Recovery is complete only after the residue is ashed with MgO/Mg(NO 3 ) 2 (18) . This method, however, requires a lengthy analysis.
Wet digestions at high temperature using mixtures of acids, such as HNO 3 , H 2 SO 4 , and HClO 4 , have been applied to mussel and oyster tissues (1, 19, 20) . Strong oxidizing agents, such as K 2 S 2 O 8 in NaOH, also allow total digestion and oxidation of arsenic compounds to As (V) (21) . Moreover, the use of microwaves to accelerate digestion has improved the results obtained with classical high temperature digestions (22, 23) .
We developed a new method for total arsenic determination in marine matrices (oyster, mussel, tuna fish, and algae), which uses focused microwave-assisted digestion and HG-AFS detection. The digestion step is optimized to ensure sample dissolution and complete oxidation of arsenic compounds. 
Solutions
All solutions were prepared with doubly deionized water (USF Purelab Plus, Ransbach Baumbach, Germany) 18.2 MΩ cm resistivity.
(a) Sodium borohydride 1.5%.-15 g NaBH 4 dissolved in 1 L 0.4% NaOH; the resulting, slightly turbid mixture, was filtered through a 0.45 µm nylon membrane.
( 
Preparation of Oyster Tissue Test Sample
After the shell was removed, the test sample was mechanically crushed to a homogeneous mass. It was then freeze-dried (at -40ºC under vacuum pressure, 10.13 Pa) for 48 h, ground to a fine powder, and collected in polyethylene flasks. The final material was stored at -20ºC until analysis.
Moisture Determination
A test portion of 500 mg of the test sample was dried in an oven at 70ºC for 24 h. A 500 mg test portion of the lyophilized material was placed in an open reflux vessel to which focused microwaves were applied according to the steps shown in Table 1 . The digestion program was adjusted by addition of concentrated nitric and sulfuric acids. The resulting solution (ca 5 mL) was diluted to 25 mL with doubly deionized water. A 1 mL volume of this solution was diluted to 25 mL in a solution containing 2M HCl, 1% (w/v) KI, and 0.2% (w/v) ascorbic acid. The solution was maintained at room temperature for 60 min, and arsenic content in the acidic solution was measured by HG-AFS according to conditions listed in Table 2 . Quantitation was performed by using external curve derived from arsenite standard solutions, obtained by appropriate dilution with 2M HCl, 1% KI, and 0.2% ascorbic acid of the arsenite stock solution. The final results were reported on dry mass basis. For fresh materials, the same procedure was followed, except 2-3 g of the test portion was used.
Results and Discussion

Optimization of AsB Digestion
A previous study showed that after digestion of mussel tissue with nitric acid solution, the test portion matrix was completely dissolved (16) . The same digestion system was applied to oyster tissue, tuna fish tissue, and algae, with total dissolution of all samples. Not only was the matrix completely dissolved, but also total oxidation of arsenic species to arsenate was observed. As mentioned above, AsB is the most resistant compound against oxidizing agents. Therefore, the assessment of total AsB digestion was crucial for establishment of the new methodology.
Several reagents were tested to achieve complete decomposition of AsB to arsenate. A 5 mL amount of aqueous solution containing 1.4 mg/L (expressed as arsenic) of standard of AsB was placed in the digestion vessel and the digestion program shown in Table 3 was applied. Sulfuric acid gave the best recovery of AsB.
Optimization of Microwave Power
Several assays were performed to optimize the power applied in the microwave oven in the third step. A 5 mL volume of a solution containing 1.4 mg/L of arsenic as AsB was placed in the digestion vessel, and the digestion program shown in Table 1 was applied. Powers from 80 to 160 W were assayed in the third step. Results are reported in Table 4 . Poor signal was observed when power <120 W was used, whereas quantitative recovery was achieved at higher power. Therefore, 120 W was chosen as the optimal power.
Analytical Performance of the New Method
Quality parameters of the proposed method were calculated after test portions of the lyophilized oyster tissue were analyzed. The linear range, obtained by analyzing several solutions containing arsenic at various concentrations, was wider than 100 mg/kg arsenic.
Detection and quantitation limits were calculated by analyzing in triplicate, several solutions containing arsenic at var- ious concentrations. The regression line was calculated from the mean values of the signal intensity. The concentration at the detection limit was calculated from 3σ of the background signal and expressed as µg/kg arsenic. The concentration at the quantitation limit was calculated in the same way from 10σ of the background signal. Detection limit of 125 µg/kg was obtained, whereas the quantitation limit was close to 400 µg/kg. The proposed method was, therefore, very sensitive and allowed quantitation of arsenic contents at trace levels. Repeatability, calculated as the relative standard deviation (RSD) from 10 replicates of the arsenic determination in a test portion in the same working day, was <5% RSD.
Reproducibility was calculated by comparing results obtained in the analysis of a test portion in 5 nonconsecutive days (3 replicates each day). Results, expressed as the RSD from the mean values of each working session, were <5% RSD.
Validation of the Proposed Method
To validate the method, 4 Certified Reference Materials were analyzed. The determinations were made in triplicate every working session, and on 2 working days, to calculate reproducibility of the method (Table 5) . Correlation between the measured values and the certified values was good. Moreover, the standard deviations obtained showed good agreement with values reported for the Certified Reference Materials.
Application of the Method to Fresh and Dried Oyster Tissues
Because fresh test samples are the most common materials in the laboratories for control and routine analysis, we studied the applicability of the method to fresh test samples. Several portions of oyster tissue from Northwest Spain were digested and tested after different drying levels: a fresh test sample; a test sample dried at 40ºC for 24 h; and a test sample dried at 70ºC for 24 h. The results obtained after digestion and quantification were compared with that obtained for a freeze-dried test sample of this material (Table 6 ). Results were in good agreement. Therefore, the method can be applied directly to samples without freeze-drying, which can be very time consuming and hard to undertake in a control analysis laboratory. The amount of test sample, however, should be increased for fresh test samples, because the moisture, especially in bivalves, can reach very high values (>90%).
Conclusions
A new method was developed and optimized for determination of total arsenic in seafood products. The microwave-assisted digestion program allows total digestion of the test sample in 25 min, which is faster and cleaner than other processes described in the literature. HG-AFS provides high sensitivity and quick performance, allowing measurements every 70 s. Good results were obtained with fresh oyster test samples, which dramatically shortened the analysis time. Therefore, the method proposed is suitable for control and routine analysis. Moreover, the digestion method can be easily adapted to other spectrometric detection techniques, such as HG-AAS, HG-ICP/OES, and HG-ICP/MS. 
